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(57) ABSTRACT

Exemplary embodiments are disclosed of shielding appara-
tus or assemblies having a frame with drawn latching
features or portions that are configured for removably
attaching a cover to the frame. In an exemplary embodiment,
there 1s a shielding apparatus suitable for use in providing
clectromagnetic interference shielding for one or more elec-

trical components on a substrate. In this example, the
shielding apparatus generally includes a cover and a frame.
The cover includes one or more openings. The frame
includes a top surface and sidewalls configured to be dis-
posed generally about one or more electrical components on
a substrate. The frame is partly drawn 1n construction such
that the frame includes one or more drawn latching features
or portions configured to be engaged within the one or more
openings of the cover to thereby releasably attach the cover
to the frame.
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ELECTROMAGNETIC INTERFERENCE
SHIELDING (EMI) APPARATUS INCLUDING
A FRAME WITH DRAWN LATCHING
FEATURES

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/800,384 filed Mar. 13, 2013. The entire
disclosure of the above application 1s incorporated herein by
reference.

FIELD

The present disclosure generally relates to electromag-
netic shielding apparatus for electronic systems and devices,
and more particularly (but not exclusively) to multi-piece
shielding apparatus or assemblies having a frame with
drawn latching features configured for removably attaching
a cover to the frame.

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

The operation of electronic devices generates electromag-
netic radiation within the electronic circuitry of the equip-
ment. Such radiation may result 1n electromagnetic interfer-
ence (EMI) or radio frequency interference (RFI), which can
interfere with the operation of other electronic devices
within a certain proximity. Without adequate shielding,
EMI/RFI interference may cause degradation or complete
loss of important signals, thereby rendering the electronic
equipment inetlicient or moperable.

A common solution to ameliorate the effects of EMI/RFI
1s through the use of shields capable of absorbing and/or
reflecting and/or redirecting EMI energy. These shields are
typically employed to localize EMI/RFI within 1ts source,
and to insulate other devices proximal to the EMI/RFI
source.

For example, electrically conducting (and sometimes
magnetically conducting) material may be interposed
between two portions of electronic circuitry for absorbing
and/or reflecting EMI energy. This shielding may take the
form of a wall or a complete enclosure and may be placed
around the portion of the electronic circuit generating the
clectromagnetic signal and/or may be placed around the
portion of the electronic circuit that 1s susceptible to the
clectromagnetic signal.

The term “EMI” as used herein should be considered to
generally include and refer to EMI emissions and RFI
emissions, and the term “electromagnetic” should be con-
sidered to generally include and refer to electromagnetic and
radio frequency from external sources and internal sources.
Accordingly, the term shielding (as used herein) broadly
includes and refers to mitigating (or limiting) EMI and/or
RFI, such as by absorbing, reflecting, blocking, and/or
redirecting the energy or some combination thereof so that
it no longer interferes, for example, for government com-
pliance and/or for internal functionality of the electronic
component system.

SUMMARY

This section provides a general summary of the disclo-
sure, and 1s not a comprehensive disclosure of its full scope
or all of 1ts features.
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According to various aspects, exemplary embodiments
are disclosed of shielding apparatus or assemblies having a
frame with drawn latching features or portions that are
configured for removably attaching a cover to the frame. In
an exemplary embodiment, there 1s a shielding apparatus
suitable for use 1n providing electromagnetic interference
shielding for one or more electrical components on a sub-
strate. In this example, the shielding apparatus generally
includes a cover and a frame. The cover includes one or
more openings. The frame includes a top surface and side-
walls configured to be disposed generally about one or more
clectrical components on a substrate. The frame 1s partly
drawn 1n construction such that the frame includes one or
more drawn latching features or portions configured to be
engaged within the one or more openings of the cover to
thereby releasably attach the cover to the frame.

Also disclosed are methods of making electromagnetic
interference shielding apparatus or assemblies. In an exem-
plary embodiment, there 1s a method for making a frame of
an electromagnetic intertference shielding apparatus where
the frame includes a top surface and sidewalls downwardly
depending from the top surface. In this example, the method
generally includes drawing a piece of material such that the
top surtace includes spaced-apart drawn portions protruding
outwardly from the sidewalls. The spaced-apart drawn por-
tions are configured for engagement within openings of a
cover for removably attaching the cover to the frame. The
spaced-apart drawn portions may be formed by drawing the
piece of material without cutting the drawn portions. Open-
ings may be formed along the sidewalls of the frame where
material was drawn to form the spaced-apart drawn portions.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples 1n this summary are intended for purposes of
illustration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

FIG. 1 1s an exploded perspective view ol an exemplary
shielding apparatus having a cover and a frame, where the
frame 1s at least partially drawn and includes drawn latching
features for removably attaching the cover to the frame
according to an exemplary embodiment;

FIG. 2 1s another exploded perspective view of the
shielding apparatus shown in FIG. 1 and also illustrating a
printed circuit board (PCB) having one or more electrical
components thereon;

FIG. 3 1s a perspective view of the shielding apparatus
shown 1n FIG. 2 with the frame mounted on the PCB;

FIG. 4 1s a perspective view of the shielding apparatus
shown 1n FIG. 3 with the cover removably attached to the
frame via the drawn latching features of the frame, whereby
the shielding apparatus 1s operable for shielding the one or
more electrical components on the PCB that are within an
interior cooperatively defined by the frame, the cover, and
the PCB;

FIG. 5 1s an enlarged perspective view of part of the frame
and cover shown 1n FIG. 4, and 1illustrating the exemplary
manner by which the cover 1s removably attached or latched
to the frame via the engagement of the frame’s drawn
latching features within openings of the cover;
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FIG. 6 1s an enlarged perspective view of one of the drawn
latching features of the frame shown in FIG. 1;

FIG. 7 1s a perspective view of the shielding apparatus
shown 1n FIG. 4 where the height dimension 1n millimeters
1s provided for purpose of illustration only according to an
exemplary embodiment; and

FIG. 8 15 an exploded perspective view of another exem-
plary embodiment of a shielding apparatus having a cover
and a frame (or fence) with drawn latching features, where
the cover does not 1include inwardly extending half dimples.

Corresponding reference numerals indicate correspond-
ing parts throughout the several views of the drawings.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings.

Conventional EMI shielding soldered metal cans may
have removable lids for inspection or repair. But the inven-
tors hereol have recognized that there 1s a lower limit to the
total height from the board level to the top of such conven-
tional shields. This limit 1s due to the size of the needed
attachment feature when the lid attached on the frame starts

to approach a limit of what 1s possible for the given matenal
thickness.

After recognizing the above, the mnventors developed and
disclose herein exemplary embodiments of multi-piece
shielding apparatus or assemblies having a cover (or 11d) and
a frame (or fence) with drawn latching features. As disclosed
herein, the frame 1s at least partially drawn with latching
teatures (latching members, protruding portions, or latches)
in or extending outwardly from a top surface of the frame.
The frame’s drawn latching features are configured to be
engaged within openings of the cover such that the cover
may be removably attached to (e.g., releasably latched or
snapped onto, etc.) the frame.

With reference now to the figures, FIGS. 1 through 4
illustrate an exemplary embodiment of a shielding apparatus
100 embodying one or more aspects of the present disclo-
sure. The shielding apparatus 100 includes a frame (or
tence) 102 and a cover (or 1id) 104. The shielding apparatus
100 1s suitable for use i providing electromagnetic inter-
terence (EMI) shielding to one or more electrical compo-
nents 101 on a printed circuit board 103 (a PCB, and more
broadly, a substrate) as shown 1n FIGS. 2-4.

The frame 102 may be 1nstalled (e.g., soldered, etc.) to the
PCB 103. The cover 104 1s removably attachable (e.g.,
releasably latched or snapped onto, etc.) to the frame 102
such that the shuelding apparatus 100 1s operable for shield-
ing the one or more electrical components 101 on the PCB
103 that are within an interior cooperatively defined by the
frame 102, the cover 104, and the PCB 103. The cover 104
may later be detached (e.g., unlatched, etc.) and removed
from the frame 102 to allow access to the electrical com-
ponents 101, e.g., for servicing, testing, repairing, replacing
the electrical components, etc.

The frame 102 1s at least partially drawn with latching
teatures 110 (or protruding portions, members, or latches) 1n
or protruding outwardly from the frame 102. The frame’s
drawn latching features 110 are configured to be positioned
within openings 114 of the cover 104, to thereby removably
attach the cover 104 to the frame 102. For example, the
cover 104 may be positioned over the frame 102 and then
moved downward onto the frame 102. With this downward
movement, the drawn latching features 110 of the frame 102
contact and slide along the free ends (or cam surfaces) of the
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cover’s retention members or portions 116 (or fingers or
tabs) that include the opemings 114.

The sliding contact of the drawn latching features 110
with the cover’s retention members 116 causes the retention
members 116 to flex, deform, move, pivot, or cam outwardly
from their original or initial position. This outward move-
ment of the cover’s retention members 116 allows the
frame’s drawn latching features 110 to move beyond or
above the free ends of the cover’s retention members 116
and 1nto the openings 114. The cover’s retention members
116 may be generally resilient 1n nature so that their free
ends may be flexed generally outwardly. Then, after the
frame’s drawn latching features 110 have moved past the
free ends of the cover’s retention members 116 and into the
openings 114, the resilient nature of the cover’s retention
members 116 causes the retention members 116 to move
(e.g., snap back, etc.) generally under the drawn latching
features 110. At which point, the frame’s drawn latching
features 110 are engaged and retained within the openings
114 to thereby attach the cover 104 to the frame 102.

In the illustrated embodiment, the frame 102 includes
eight drawn latching features 110. Each corner of the frame
102 1s disposed between a corresponding pair of the drawn
latching features 110. Correspondingly, the cover 104 also
includes eight retention members 116 each having a single
opening 114 to recerve the corresponding latching feature or
protruding portion 110 of the frame 102. Alternative
embodiments may include more or less than eight latching
teatures and/or latching features arranged differently, e.g., at
different locations, along the frame. For example, an alter-
native embodiment may include three latching features
along each side of the frame.

The cover 104 may be configured to provide room to
access each retention member 116 from above the cover 104
to facilitate release/disengagement (e.g., by selective cam-
ming, etc.) of the retention member 116 from the respective
latching or locking feature 110. For example, a shim (or
other suitable tool) may be manually positioned through an
opening 114 or cutout 120 of the cover 104 or alongside and
underneath a retention member 116 of the cover 104 to force
the retention member 116 generally outwardly away (e.g.,
bend, flex, deform, etc.) from the latching feature 110. This
process may need to be repeated until all retention members
116 are released or detached from the frame’s latching
teatures 110. It 1s understood that the retention members 116
may be configured so as to be preferably resistant to yielding
such that the retention members 116 are capable of being
repeatedly moved outward and inward to accommodate
multiple and repeated cycles of attachment, detachment, and
reattachment ot the cover 104 to the frame 102, while also
maintaining the capability of squeezing and/or gripping the
frame 102. Thus, the resilient nature of the cover’s retention
members 116 preferably causes the members to return to
their original configuration after the cover 104 1s detached
from the frame 102 so that the cover 104 may preferably be
subsequently reattached to the frame 102.

It should be appreciated that the cover 104 may be
attached to, detached from, and subsequently reattached to
the frame 102 in a generally vertical direction without
impinging on an area outside a general footprint of the
shielding apparatus 100. This may advantageously allow for
attaching, detaching, and reattaching the cover 104 to/from
the frame 102 in confined areas. Accordingly, less space may
be required for installation and removal of the cover 104
to/from the frame 102. For example, the cover 104 may be
attached to, detached from, and reattached to the frame 102
without interfering with other electrical components
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mounted on the PCB 103 outside the frame 102. Particularly,
the retention members 116 can be engaged to and/or released
from the latching features 110 of the frame 102 generally
from vertically above the cover 104.

With further regard to the frame’s drawn latching features

110, the latching features 110 may be added to a top surface
of the frame 102 and controlled with the “sheet metal tlat
blank” from which the frame 102 1s formed. Also, the
latching features 110 may be drawn in the frame 102 such
that the top surface of the frame 102 1s coincident, aligned
and/or co-planar with the top surfaces of the latching fea-
tures 110. As shown 1 FIG. 6, the latching features 110 do
not extend above the top surface of the frame 102 such that
the latching features 110 do not require any increased height
or space to accommodate for the latching features 110.

In addition, the frame 102 also includes one or more
openings 124 (or gaps) 1n the sidewalls 126 of the frame 102.
Each opening 124 is generally under a corresponding one of
the latching features 110. The openings 124 are located
where the frame material was drawn and thus removed from
the frame’s sidewalls 126 to form the latching features 110.
Accordingly, the absence of the drawn frame material pro-
vides or defines the one or more openings 124 along the
frame’s sidewalls 126 under the one or more latching
teatures 110. Only certain or predetermined portions of the
frame material 1s drawn to form the spaced-apart latching
teatures 110 along the frame 102 at locations corresponding
to the openings 114 1n the cover 104. At those locations
where the maternial of the frame 102 1s drawn to form the
latching features 110, the frame 102 includes the openings
124 because the material that was drawn 1s no longer
present. In this exemplary embodiment, the drawn latching
teatures 110 are formed solely by drawing the maternial from

which the frame 102 i1s made, e.g., without having to cut or
otherwise remove material from the frame 102.

The frame 102 1s drawn with the latching features 110
located to allow the cover 104 to snap onto the frame 102 1n
the areas without solder. As shown 1n FIG. 3, each sidewall
126 of the frame 102 includes lower edge portions 128 (e.g.,
feet, castellations, etc.) that provide areas for soldering the
frame 102 to the PCB 103. Each lower edge portion 128 is
preferably substantially co-planar with the other lower edge
portions 128 of the other sidewalls 126. This co-planarity
helps to provide a good mating surtace with the PCB 103
and good electrical contact between the frame’s lower edge
portions 128 and corresponding portions 105 (e.g., solder
pads, traces, grounds, etc.) of the PCB 103.

An opening (e.g., opening 124 or 132) 1s between each
adjacent pair of lower edge portions 128. The openings 124
or 132 may allow solder to flow around the lower edge
portions 128 for securing the frame 102 to the PCB 103. In
other embodiments, the lower edge portions 128 of the
frame 102 may fit 1n corresponding openings in the PCB 103
for securing the frame 102 to the PCB 103. Depending on
the particular application, the frame’s lower edge portions
128 may also be configured to allow an airflow to 1improve
temperature uniformity during the reflow process as well as
for convection cooling during device operation. The frame’s
lower edge portions 128 may allow for fluid flow 11 washing
processes are used on the completed PCB. In those instal-
lations 1n which segmented solder traces on the PCB are
used that correspond with or match the frame’s lower edge
portions 128, the molten solder may also be confined to a
local area to thereby improve retlow process window. In still
turther embodiments, the frame 102 may not include any
additional openings between adjacent lower edge portions
128 of the frame 102. In other exemplary embodiments,
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6

alternative means besides soldering may be employed for
securing a frame having drawn latching features of a PCB.

In addition to the drawing process described above, the
frame 102 may also be formed by a combination of addi-
tional fabricating processes such as stamping, bending,
folding, etc. Parts of the frame 102 may be drawn over a die
to form the drawn latching features 110. Parts of the frame
102 may also be formed by stamping, folding, or bending to
produce the final desired shape. The cover 104 may be
formed at least partly by bending, stamping, folding, etc. to
produce its final desired shape. Together, the frame 102 and
the cover 104 can enclose the desired electrical components
101 on the PCB 103 and provide EMI shielding thereto.

With continued reference to FIGS. 1-3, the illustrated
frame 102 i1s generally rectangular in shape and includes
four sidewalls 126 and the upper surtace 136 (or top surface)
formed 1ntegrally (or monolithically) with the sidewalls 126.
The sidewalls 126 are also integrally formed with each
adjacent sidewall 126 of the frame 102. In other exemplary
embodiments, at least part of the frame 102 may be formed
separately from another part of the frame 102 and be
separately attached thereto. In still other exemplary embodi-
ments, the shielding apparatus 100 may include frames with
more or less than four sidewalls and/or sidewalls 1n a
configuration different from that shown in the figures herein.
For example, the sidewalls of the frame may have square
configurations, triangular configurations, hexagonal con-
figurations, other polygonal-shaped configurations, circular
configurations, non-rectangular configurations, etc.

As previously stated, the frame’s upper surface 136 1is
integrally formed with the sidewalls 126. In the 1llustrated
embodiment, the upper surface 136 includes integral flanges
or surface portions 140 that extend as one piece along each
of the sidewalls 126 around the perimeter of the frame 102.
Each flange 140 1s oriented generally perpendicularly rela-
tive to each sidewall 126, with each sidewall 126 depending
generally downwardly from each corresponding flange 140.
In other exemplary embodiments, the frame’s upper surface
136 may include flanges 140 with openings therein, and/or
may include inwardly folded lips, perimeter rims, etc. In still
other exemplary embodiments, the upper surface 136 may
include upper edges of the sidewalls 126.

The frame’s upper surface 136 also includes four cross
braces 144 interconnecting the flanges 140. The cross braces
144 extend from a middle location of each of the flanges 140
to a central hub 148. The braces 144 are preferably config-
ured to provide stiflening support to the frame 102, for
example, to resist deformation (e.g., bending, etc.). The
cross braces 144 may also be configured to help maintain the
sidewalls 126 in the generally rectangular shape of the frame
102. In other exemplary embodiments, the cross braces 144
may extend from other locations of the flanges 140 (e.g.,
from corners of the flanges, etc.), and/or the cross braces 144
may extend directly to other locations of the tlanges 140
without using a central hub 148. In still other exemplary
embodiments, the frame’s upper surface 136 may include no
cross braces. Or, the upper surface 136 may include more
than or fewer than four cross braces 144 and/or 1n diflerent
orientations.

In the illustrated embodiment, the flanges 140 and cross
braces 144 define four openings 152 1n the upper surface
136. These openings 152 may be used, for example, to
access the electrical components 101 of the PCB 103
contained within the frame 102 after the frame 102 1is
attached to the PCB 103. In this embodiment (and embodi-
ments 1n which the frame does not include any cross-braces),
the frame 102 may be viewed as an open-top EMI shielding
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can. In other exemplary embodiments, there may be more or
less openings 152 1n different sizes and/or shapes than what
1s 1llustrated 1n the figures.

In addition, the illustrated frame 102 1s free of interior
dividers or partitions so that the frame 102 generally defines
a single interior space (or compartment) for shielding the
one or more electrical components 101 on the PCB 103. In
still other exemplary embodiments, shielding apparatus may
include frames with one or more interior dividers attached to
sidewalls of the frame for sectioning the frame into two or
more interior spaces.

The illustrated frame 102 may be configured for handling
by pick-and-place equipment (e.g., vacuum pick-and-place
equipment, etc.). To this end, the central hub 148 may be
configured (e.g., sized, shaped, etc.) for use as a frame
pick-up area that may be gripped or to which suction may be
applied by the pick-and-place equipment for handling dur-
ing, for example, fabrication of the frame 102 and/or 1nstal-
lation of the frame 102 to the PCB 103. In other exemplary
embodiments, the frame 102 may include, for example, tabs
at the corners and/or along the sidewalls 126 as pick-up
areas 1n addition to or in place of the central hub 148.

The sidewalls 126 of the frame 102 are configured to
generally surround electrical components 101 on the PCB
103 when the frame 102 1s attached to the PCB 103. As
shown, each sidewall 126 i1s substantially planar in shape.
Adjacent sidewalls 126 are oriented generally at right angles
to each other, and opposing sidewalls 126 are generally
parallel, thereby producing the generally rectangular shape
of the 1llustrated frame 102.

The frame 102 may be formed from a single piece of
clectrically-conductive material so that the drawn latching
teatures 110, sidewalls 126, top surface 136, braces 144 and
pickup surface or hub 148 have an integral, monolithic
construction. A wide range of electrically-conductive mate-
rials may be used to form the frame 102. By way of example,
the frame 102 may be formed from cold rolled steel,
nickel-silver alloys, copper-nickel alloys, stainless steel,
tin-plated cold rolled steel, tin-plated copper alloys, carbon
steel, brass, copper, aluminum, copper-beryllium alloys,
phosphor bronze, steel, alloys thereof, or any other suitable
clectrically-conductive and/or magnetic materials. In addi-
tion, the frame 102 may be formed from a plastic matenal
coated with electrically-conductive material. In one exem-
plary embodiment, a shielding apparatus includes a frame
formed from a sheet of cold rolled steel having a thickness
of about 0.20 millimeters. As another example, a shielding
apparatus may include a frame configured from a suitable
material having a thickness in the range of about 0.10
millimeters and about 0.30 millimeters. The materials and
dimensions provided herein are for purposes of illustration
only, as a frame may be configured from different materials
and/or with different dimensions depending, for example, on
the particular application, such as the electrical components
to be shielded, space considerations within the overall
clectronic device, EMI shielding and heat dissipation needs,
and other factors.

With reference to FIGS. 1-4, the cover 104 of the shield-
ing apparatus 100 1s shown with a generally rectangular
shape corresponding to the shape of the frame 102. The
cover 104 1s configured to fit generally over the frame 102
for covering the opening 152 defined by the sidewalls 126 of
the frame 102. At which point, the frame 102 and cover 104
may provide shielding to the one or more electrical compo-
nents 101 on the PCB 103 disposed within the area coop-
eratively defined by the frame 102, the cover 104, and the
PCB 103. In other exemplary embodiments, shielding appa-
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ratus may include covers having shapes difierent from that
shown 1n the figures herein, but generally corresponding to
shapes of frames of the shielding apparatus. For example,
covers may have square configurations, triangular configu-
rations, hexagonal configurations, other polygonal-shaped
configurations, circular configurations, non-rectangular con-
figurations, etc. Furthermore, covers may include shapes
different from shapes of frames within the scope of the
present disclosure.

The cover 104 includes a planar, flat top or upper surface
156 and multiple spaced apart retention and contact mem-
bers 116, 158 extending generally downwardly from the top
surface 156. In this example, the cover 104 includes two
contact members 158 between each pair of retention mem-
bers 116 along each side of the cover 104. The retention and
contact members 116 and 158 are formed integrally (or
monolithically) with the top surface 156 of the cover 104.
The upper surface 156, the contact members 138, and the
retention members 116 may be formed by one or more of
bending, stamping, folding, etc. at least part of the cover 104
to a desired shape. In other exemplary embodiments, shield-
ing apparatus may include covers having only retention
members without any contact members. In still other exem-
plary embodiments, shuelding apparatus may include covers
having more or less retention members and contact members
than illustrated in the figures.

In this exemplary embodiment, the cover 104 also
includes mwardly extending portions (e.g., half-dimples,
dimples, bump, protrusion, etc.) for contacting the frame
102 to help reduce or inhibit rattling of the cover 104 when
installed, e.g., latched, onto the frame 102. As shown 1n
FIGS. 4 and 5, the cover 104 includes a half-dimple 162 on
cach contact member 138. The half-dimples 162 contact
corresponding portions of the frame’s sidewalls 126. This
contact between the half-dimples 162 and the frame’s side-
walls 126 helps to reduce or inhibit rattling of the cover 104
when 1nstalled to the frame 102, which may otherwise be
caused due to an imperfect fit, mismatched sizing, manu-
facturing tolerances, etc. In other exemplary embodiments,
a shielding apparatus may include a cover that does not have
any half-dimples. For example, FIG. 8 1llustrates an exem-
plary embodiment of a shielding apparatus 200 that includes
a frame 202 having drawn latching features and a cover 204,
where the cover does not include any half-dimples.

The upper or top surface 156 of the cover 104 may also
include or be operable as a generally central pick-up surface
configured for use 1n handling the cover 104 with pick-and-
place equipment (e.g., vacuum pick-and-place equipment,
etc.). The pick-up surface may be configured for use as a
pick-up area that may be gripped or to which suction may be
applied by the pick-and-place equipment for handling dur-
ing, for example, fabrication of the cover 104 and/or instal-
lation of the cover to the PCB 103. A central location of the
pick-up surface may allow for balanced manipulation of the
cover 104 during handling of the cover. In other exemplary
embodiments, shielding apparatus may include covers with,
for example, tabs at corners and/or alongside edges for use
as pick-up surfaces 1n addition to or in place of centrally
located pick-up surfaces.

In some exemplary embodiments, the top or upper surface
156 of the cover 104 may include apertures or holes, which
may facilitate solder reflow heating interiorly of the cover
104, may enable cooling of the electrical components 101
within the shuelding apparatus 100, and/or may permait visual
ispection of members of the electrical components 101
beneath the cover 104. In some exemplary embodiments of
a shielding apparatus, a cover may include holes that are
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suiliciently small to inhibit passage of intertering EMI. The
particular number, size, shape, orientation, etc. of the holes
may vary depending, for example, on the particular appli-
cation (e.g., sensitivity of the electronics where more sen-
sitive circultry may necessitate the use of smaller diameter
holes, etc.). For example, some exemplary embodiments of
shielding apparatus (e.g., shielding apparatus 100, 200, etc.)
may include covers without any such holes.

The illustrated shielding apparatus 100 includes a gener-
ally low profile (e.g., an ultra-low height) when the cover
104 15 attached to the frame 102. For example, FIG. 7 shows
an exemplary embodiment of the shielding apparatus 100
configured to have an overall height dimension of less than
one millimeter when the cover 104 attached to the frame 102
may be less than one millimeter. In an exemplary embodi-
ment, the shielding apparatus may have an overall height
dimension of about 0.6 millimeters, 0.75 millimeters or 0.85
millimeters when the frame and cover are attached. In other
exemplary embodiments, a shielding apparatus may have
overall height dimensions of greater than or less than about
one millimeter. For example, another exemplary embodi-
ment of a shielding apparatus may include an overall height
dimension of about 1.25 millimeters. In addition, the height
of the drawn latching features on the frame may be between
about 0.15 millimeters and 0.25 millimeters as measures
from the outside surface of the frame wall to the outermost
part of the drawn latching features. The dimensions of the
drawn latching features may depend on the cover material
thickness (e.g., 0.10 mm, 0.15 mm, etc.) and customer
designated clearance between the frame and cover.

The cover 104 may be formed from a wide range of
materials, which are preferably electrically-conductive
materials. For example, the cover 104 may be formed from
cold rolled steel, nickel-silver alloys, copper-nickel alloys,
stainless steel, tin-plated cold rolled steel, tin-plated copper
alloys, carbon steel, brass, copper, aluminum, copper-beryl-
lium alloys, phosphor bronze, steel, alloys thereof, or any
other suitable electrically-conductive and/or magnetic mate-
rials. The cover 104 may also be formed from a plastic
material coated with electrically-conductive material. In one
exemplary embodiment, a shielding apparatus includes a
cover formed from a sheet of cold rolled steel having a
thickness of about 0.15 millimeters. As another example, a
shielding apparatus may include a cover configured from a
suitable material having a thickness in the range of about
0.05 millimeters and about 0.30 millimeters. The maternials
and dimensions provided herein are for purposes of 1llus-
tration only, as a cover may be configured from diflerent
materials and/or with different dimensions depending, for
example, on the particular application, such as the electrical
components to be shielded, space considerations within the
overall electronic device, EMI shielding and heat dissipation
needs, and other factors.

Accordingly, exemplary embodiments are disclosed
herein of multi-piece shielding assemblies including a frame
(or fence) having a top surface and sidewalls. The frame 1s
partially drawn 1n construction so as to include one or more
drawn latching features 1n or extending outwardly relative to
the frame’s top surface. The frame’s drawn latching features
are configured to be engaged within opemings of the cover
such that the cover may be removably attached to (e.g.,
releasably latched or snapped onto, etc.) the frame.

Drawing (or metal forming) the frame allows latching
teatures or latches to be added to a top surface of the frame
and controlled with the *“sheet metal flat blank™ for the
frame. By drawing the latching features into the top of the
frame, exemplary embodiments disclosed herein may pro-
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vide or be associated with one or more (but not necessarily
any or all) of the following advantages or improvements to
the mndustry standard of adding lid attachment features to the
sidewalls of the lid. For example, drawing the latching
teatures 1nto the top of the frame may allow for much lower
assembly heights, provide a much more rigid structure
allowing for better co-planarity and tighter tolerances, and
allow for the use of a two-piece shield in areas that previ-
ously could only use single-piece EMI shielding soldered
metal cans. With an ultra-low height design, exemplary
embodiments of shielding assemblies disclosed herein may
advantageously be used in smaller and thinner consumer
clectronic devices than some existing EMI shielding assem-
blies.

Exemplary embodiments of shielding assemblies having
drawn latching features in the frame may advantageously
provide improved structural rigidity for resisting deforma-
tion, which may provide a benefit prior to installation of a
shielding apparatus to a PCB. Durning installation, flatness
requirements can be especially important for ensuring
proper contact to the solder paste thickness on the PCB prior
to the soldering process.

In exemplary embodiments, the multi-piece shielding
assembly 1s an ultra-low height two-piece board level shield-
ing assembly where the frame (or fence) has a height of less
than one millimeter (mm). For example, the height 1s less
than 1 mm as measured from the uppermost surface of the
frame to the surface (e.g., printed circuit board, etc.) to
which the frame 1s soldered. The latching features may be
drawn 1n the frame such that the top surface of the frame 1s
coincident, aligned and/or co-planar with the top surfaces of
the latching features. The top surfaces of the latching
features are preferably no higher than (e.g., the same height,
level with, lower than, etc.) the top surface of the frame,
such that the latching features do not require any increased
height or space to accommodate for the latching features.

In exemplary embodiments, the frame 1s drawn with
latching features 1n the frame’s top surface, whereby the
drawn latching features allow the lid to snap onto the frame,
¢.g., 1n the areas without solder (e.g., areas adjacent and
spaced apart from the solder areas at which the frame 1s
soldered to the board, etc.). Only predetermined portions of
the frame are drawn to form spaced-apart latching features
along or adjacent the top surface of the frame which corre-
spond to locations of openings 1n sidewalls of the cover. At
those locations where the material of the frame 1s drawn to
form the latching features, the frame includes openings or
gaps where the material that was drawn 1s no longer present.
The frame material 1s not drawn where latching features are
not present. The latching features may be formed by drawing
only portions of the frame without drawing an entire upper
surface or perimeter lip of the frame, e.g., the frame 1ncludes
the drawn latching features without having a draw lip about
the entire upper perimeter of the frame. The drawn latching
features may be formed solely by drawmg, ¢.g., upwardly,
the material from which the frame 1s made, e.g., without
having to cut or otherwise remove material from the frame
to form cutouts in the frame. The drawn latching features
may be formed simultaneously 1n a single drawing process
without cutting, which may thus allow for a reduced number
of manufacturing steps and reduced material costs, e.g., by
a reduction in the amount of scrap material.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled 1n the art. Numerous specific details are set
torth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
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ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed,
that example embodiments may be embodied in many
different forms, and that neither should be construed to limit
the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and
well-known technologies are not described in detail. In
addition, advantages and 1mprovements that may be
achieved with one or more exemplary embodiments of the
present disclosure are provided for purpose of illustration
only and do not limit the scope of the present disclosure, as
exemplary embodiments disclosed herein may provide all or
none of the above mentioned advantages and improvements
and still fall within the scope of the present disclosure.

Specific dimensions, specific materials, and/or specific
shapes disclosed herein are example 1n nature and do not
limit the scope of the present disclosure. The disclosure
herein of particular values and particular ranges of values for
given parameters are not exclusive of other values and
ranges ol values that may be useful 1n one or more of the
examples disclosed herein. Moreover, 1t 1s envisioned that
any two particular values for a specific parameter stated
herein may define the endpoints of a range of values that
may be suitable for the given parameter (1.e., the disclosure
of a first value and a second value for a given parameter can
be 1nterpreted as disclosing that any value between the first
and second values could also be employed for the given
parameter). For example, 11 Parameter X 1s exemplified
herein to have value A and also exemplified to have value Z,
it 1s envisioned that parameter X may have a range of values
from about A to about Z. Similarly, it 1s envisioned that
disclosure of two or more ranges of values for a parameter
(whether such ranges are nested, overlapping or distinct)
subsume all possible combination of ranges for the value
that might be claimed using endpoints of the disclosed
ranges. For example, 1f parameter X 1s exemplified herein to
have values in the range of 1-10, or 2-9, or 3-8, 1t 1s also
envisioned that Parameter X may have other ranges of
values including 1-9, 1-8, 1-3, 1-2, 2-10, 2-8, 2-3, 3-10, and
3-9.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and i1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be mntended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “comprises,” “comprising,” “including,” and
“having,” are inclusive and therefore specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof. The method
steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in
the particular order discussed or illustrated, unless specifi-
cally 1dentified as an order of performance. It 1s also to be
understood that additional or alternative steps may be
employed.

When an element or layer 1s referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another
clement or layer, 1t may be directly on, engaged, connected
or coupled to the other element or layer, or intervening
clements or layers may be present. In contrast, when an
clement 1s referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled
to” another element or layer, there may be no intervening,
clements or layers present. Other words used to describe the
relationship between elements should be interpreted 1n a like
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fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.). As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed 1tems.

The term “about” when applied to values indicates that
the calculation or the measurement allows some slight
imprecision in the value (with some approach to exactness
in the value; approximately or reasonably close to the value;
nearly). If, for some reason, the imprecision provided by
“about” 1s not otherwise understood 1n the art with this
ordinary meaning, then “about” as used herein indicates at
least variations that may arise from ordinary methods of
measuring or using such parameters. For example, the terms
“generally,” “about,” and “substantially,” may be used
herein to mean within manufacturing tolerances. Or for
example, the term “about”™ as used herein when modifying a
quantity of an ingredient or reactant of the invention or
employed refers to varnation i the numerical quantity that
can happen through typical measuring and handling proce-
dures used, for example, when making concentrates or
solutions 1n the real world through 1mnadvertent error 1n these
procedures; through differences 1n the manufacture, source,
or purity of the ingredients employed to make the compo-
sitions or carry out the methods; and the like. The term
“about” also encompasses amounts that differ due to difler-
ent equilibrium conditions for a composition resulting from
a particular 1nitial mixture. Whether or not modified by the

term “‘about,” the claims include equivalents to the quanti-
ties.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the example embodiments.

Spatially relative terms, such as “inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper’” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the orentation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements, intended or stated uses, or features of a
particular embodiment are generally not limited to that
particular embodiment, but, where applicable, are inter-
changeable and can be used in a selected embodiment, even
if not specifically shown or described. The same may also be

varied 1n many ways. Such varniations are not to be regarded
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as a departure from the disclosure, and all such modifica-
tions are intended to be included within the scope of the
disclosure.

What 1s claimed 1s:

1. A frame of an electromagnetic interference shielding
apparatus, the frame comprising a top surface and sidewalls,
the frame being partly drawn 1n construction such that the
top surface includes spaced-apart drawn portions protruding,
outwardly from the sidewalls for engagement within open-
ings of a cover of the electromagnetic interference shielding
apparatus for removably attaching the cover to the frame,
wherein:

the frame includes openings along the sidewalls where

material was drawn to form the spaced-apart drawn
portions; and

the openings of the frame extend downwardly along the

stdewalls from the spaced-apart drawn portions to a
bottom of the frame and through bottommost edge
portions of the sidewalls such that each of the openings
along the sidewalls of the frame has an open shape that
includes a top closed end defined by the corresponding
one of the spaced-apart drawn portions and a bottom
open end along the bottom of the frame; and
wherein:

the spaced-apart drawn portions are formed solely by

drawing only predetermined portions of the piece of
material upwardly at the locations corresponding to the
locations of the openings in the cover without having to
cut or otherwise remove material from the frame;
and/or

the top surface of the frame 1includes surface portions that

extend as one continuous piece along each of the
sidewalls around an entire perimeter lip of the frame;
and/or

the spaced-apart drawn portions are formed simultane-

ously 1n a single drawing process; and/or

the spaced-apart drawn portions include a top surface that

1s coincident, aligned, and/or co-planar with the top
surface of the frame or that does not extend above the
top surface of the frame such that the one or more
drawn latching features do not increase an overall
height of the frame; and/or

the bottommost edge portions of the sidewalls are spaced

apart by the openings along the sidewalls and provide
areas for soldering the frame to a printed circuit board,
the open shape of each of the openings along the
sidewalls defined between a corresponding adjacent
pair of the bottommost edge portions such that the open
shape includes the top closed end defined by the
corresponding one of the spaced-apart drawn portions
and the bottom open end along the bottom of the frame,
and the spaced-apart drawn portions are spaced apart
from and not aligned with or over the bottommost edge
portions of the sidewalls of the frame, whereby the
cover 1s attachable to the frame 1n areas without solder.

2. A shielding apparatus suitable for use in providing
clectromagnetic interference shielding for one or more elec-
trical components on a substrate, the shielding apparatus
comprising;
the cover including the openings; and
the frame of claim 1;

wherein the spaced-apart drawn portions comprise drawn

latching features engageable within the openings of the
cover to thereby releasably attach the cover to the
frame.

3. The shielding apparatus of claim 2, wherein the top
surface of the frame 1includes surface portions that extend as
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one continuous piece along each of the sidewalls around an
entire perimeter lip of the frame.

4. The shielding apparatus of claim 2, wherein the open-
ings along the sidewalls of the frame are each located 1n the
sidewalls generally under a corresponding one of the drawn
latching features where the material of a predetermined
portion of the frame was drawn upwardly to form the
corresponding one of the drawn latching features, whereby
an absence of the drawn material defines the open shape of
cach of the openings along the sidewalls whereat the drawn
material 1s no longer present such that the open shape
includes the top closed end defined by the corresponding one
of the drawn latching features and the bottom open end
along the bottom of the frame.

5. The shielding apparatus of claim 2, wherein the drawn
latching features include a top surface that 1s coincident,
aligned, and/or co-planar with the top surface of the frame,
and wherein:

cach of the sidewalls of the frame includes one or more

pairs of adjacent bottommost edge portions that define
the bottom of the frame and provide areas for soldering
the frame to a printed circuit board; and

cach of the openings along the sidewalls of the frame 1s

between a corresponding one of the pairs of adjacent
bottommost edge portions of the frame, such that the
adjacent bottommost edge portions are spaced apart
and separated from each other by a corresponding one
of the openings along the sidewalls.

6. The shielding apparatus of claim 2, wherein the drawn
latching features include a top surface that does not extend
above the top surface of the frame such that the drawn
latching features do not increase an overall height of the
frame.

7. The shuelding apparatus of claim 2, wherein: each of the
sidewalls of the frame includes bottommost edge portions
that are spaced apart, that define the bottom of the frame, and
that provide areas for soldering the frame to the printed
circuit board:

at least one opening of the openings along the sidewalls

of the frame 1s between at least one adjacent pair of the
bottommost edge portions of the frame such that the at
least one adjacent pair of the bottommost edge portions
are spaced apart and separated from each other by the
at least one opening there between, the at least one
opening extending from below a corresponding one of
the drawn latching features downwardly to the at least
one adjacent pair of the bottommost edge portions such
that the bottom open end of the open shape of the at
least one opening 1s defined between the at least one
adjacent pair of the bottommost edge portions, whereby
the at least one opening may allow solder to flow
around the at least one adjacent pair of the bottommost
edge portions when soldering the frame to the printed
circuit board; and

the drawn latching features are spaced apart from and not

aligned with or over the bottommost edge portions of

the frame, whereby the cover 1s attachable to the frame
in areas without solder.

8. The shielding apparatus of claim 2, wherein the drawn
latching features comprise at least one drawn portion along
cach side of the frame that protrudes outwardly relative to a
corresponding one of the sidewalls, and wherein:

cach of the sidewalls of the frame includes bottommost

edge portions that are spaced apart, that define the
bottom of the frame, and that provide areas for solder-
ing the frame to a printed circuit board;
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cach of the openings along the sidewalls of the frame 1s
between an adjacent pair of the bottommost edge
portions of the frame that are spaced apart and sepa-
rated from each other by a corresponding one of the
openings along the sidewalls; and

the drawn latching features are spaced apart from and not
aligned with or over the bottommost edge portions of
the frame.

9. The shielding apparatus of claim 2, wherein:

the drawn latching features comprise two or more drawn
portions along each side of the frame that protrude
outwardly relative to a corresponding one of the side-
walls;

the frame includes a corner between each pair of sidewalls
that 1s also disposed between a corresponding pair of
the two or more drawn portions;

cach of the sidewalls of the frame includes bottommost
edge portions that define the bottom of the frame and
provide areas for soldering the frame to the printed
circuit board;

cach of the openings along the sidewalls of the frame 1s
between an adjacent pair of the bottommost edge
portions of the frame that are spaced apart and sepa-
rated from each other by a corresponding one of the
openings along the sidewalls; and

the drawn latching features are spaced apart from and not
aligned with or over the bottommost edge portions of
the frame, whereby the cover 1s attachable to the frame
in areas without solder.

10. The shielding apparatus of claim 2, wherein:

the top surface of the frame includes flanges that extend
as one continuous piece along each of the sidewalls
around a perimeter of the frame, and cross braces
extending from each of the flanges to a central hub for
providing stiflening support to the frame to resist
deformation and/or to help maintain the sidewalls 1n an
original shape of the frame; and

the top surface, the sidewalls, and the drawn latching
features are integrally formed from a single piece of
clectrically-conductive material such that the frame has
a monolithic construction.

11. The shielding apparatus of claim 2, wherein the cover

includes:

a top surface substantially covering at least one opening,
defined by the frame when the cover is releasably
attached to the frame; and

the top surface of the frame 1includes surface portions that
extend as one continuous piece along each of the
stdewalls around an entire perimeter lip of the frame
and one or more cross braces extending from each of
the sidewalls to a central hub.

12. The shielding apparatus of claim 2, wherein:

the openings along the sidewalls of the frame are located
in the sidewalls generally under a corresponding one of
the drawn latching features;

the drawn latching features include a top surtace that does
not extend above the top surface of the frame such that
the drawn latching features do not increase an overall
height of the frame;

cach of the sidewalls of the frame includes bottommost
edge portions that are spaced apart, that define the
bottom of the frame, and that provide areas for solder-
ing the frame to the printed circuit board;

the drawn latching features are spaced apart from and not
aligned with or over the bottommost edge portions of
the frame, whereby the cover 1s attachable to the frame
in areas without solder;
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the drawn latching features comprise at least one drawn
portion along each side of the frame that protrudes
outwardly relative to a corresponding one of the side-
walls; and

the top surface, the sidewalls, and the drawn latching
features are integrally formed from a single piece of
clectrically-conductive material such that the frame has

a monolithic construction.

13. The shielding apparatus of claim 12, wherein:

the drawn latching features comprise two or more drawn
portions along each side of the frame that protrude
outwardly relative to a corresponding one of the side-
walls;

the frame 1ncludes a corner between each pair of sidewalls
that 1s also disposed between a corresponding pair of
the two or more drawn portions; and

the cover includes:

a top surface substantially covering at least one opening
defined by the frame when the cover 1s releasably
attached to the frame; and

one or more contact members depending downwardly
relative to the top surface, the one or more contact
members including mmwardly extending portions for
contacting the sidewalls of the frame to help 1nhibit
rattling of the cover when attached to the frame;

whereby the shielding apparatus 1s operable for shielding
the one or more electrical components on the substrate
that are within an interior cooperatively defined by the
frame, the cover, and the substrate.
14. The shielding apparatus of claim 2, wherein:
the top surface of the frame includes surface portions that
extend as one continuous piece along each of the
sidewalls around an entire perimeter lip of the frame;
and
the frame and the cover allow for repeatedly engagement
and disengagement of the drawn latching features and
the openings of the cover, thereby allowing repeated
removal and reattachment of the cover to/from the
frame.
15. The shielding apparatus of claam 2, wherein:
the top surface of the frame includes surface portions that
extend as one continuous piece along each of the
stdewalls around an entire perimeter lip of the frame;
the drawn latching features comprise at least one drawn
portion along each side of the frame that protrudes
outwardly relative to a corresponding one of the side-
walls;
the drawn latching features are the only portion of the
frame that 1s drawn; and
the drawn latching features are formed solely by the
drawn material without cutting the drawn material such
that the drawn latching features do not include cutouts.
16. The shielding apparatus suitable for use 1n providing
the electromagnetic interference shielding for one or more
clectrical components on the printed circuit board, the
shielding apparatus comprising: the cover including an
upper surface and retention members extending generally
downwardly from the upper surface, the retention members
including the openings therein: and the frame of claim 1, the
spaced-apart drawn portions protruding outwardly from the
sidewalls for engagement within the openings of the cover’s
retention members for removably attaching the cover to the
frame.
17. The shielding apparatus of claim 16, wherein:
the top surface of the frame includes flanges that extend
as one continuous piece along each of the sidewalls
around an entire perimeter of the frame; and
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the top surface of the frame includes a central hub and one
or more cross braces extending from each of the
stdewalls to the central hub for providing stiffening
support to the frame to resist deformation and/or to help
maintain the sidewalls 1n an original shape of the frame.
18. The shielding apparatus of claim 16, wherein the one
or more openings along the sidewalls are under the spaced-
apart drawn portions where only predetermined portions of
the material was drawn upwardly from the sidewalls at
locations corresponding to locations of the openings 1n the
cover to form the spaced-apart drawn portions without
having to cut or otherwise remove material from the frame,
whereby an absence of the drawn material defines the open
shape of each of the one or more openings along the
sidewalls whereat the drawn material 1s no longer present
such that the open shape includes the top closed end defined
by the corresponding one of the spaced-apart drawn portions
and the bottom open end along the bottom of the frame.
19. The shielding apparatus of claim 16, wherein:
the top surface of the frame 1includes surface portions that
extend as one continuous piece along each of the
stdewalls around an entire perimeter lip of the frame;

the drawn portions include a top surface that does not
extend above the top surface of the frame such that the
drawn portions do not increase an overall height of the
frame;

cach of the sidewalls of the frame includes bottommost

edge portions that are spaced apart by the one or more
openings along the sidewalls, that define the bottom of
the frame, and that provide areas for soldering the
frame to a printed circuit board;

the drawn portions are spaced apart from and not aligned

with or over the bottommost edge portions of the frame,
whereby the cover 1s attachable to the frame in areas
without solder; and

the top surface, the sidewalls, and the drawn portions are

integrally formed from a single piece of electrically-
conductive material such that the frame has a mono-
lithic construction.

20. A method for making a frame of an electromagnetic
interference shielding apparatus having a top surface and
sidewalls downwardly depending from the top surface, the
method comprising drawing a piece of matenal over a die
such that the top surface includes spaced-apart drawn por-
tions protruding outwardly from the sidewalls for engage-
ment within openings of a cover for removably attaching the
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cover to the frame, whereby the spaced-apart drawn portions
are formed by drawing the piece of material upwardly at
locations corresponding to locations of the openings in the
cover without cutting the drawn portions, whereby openings
are formed along the sidewalls of the frame where material
was drawn to form the spaced-apart drawn portions which
openings extend downwardly along the sidewalls from the
spaced-apart drawn portions to a bottom of the frame such
that each of the opemings along the sidewalls has an open
shape and such that the sidewalls include lower edge por-
tions that are spaced apart and that define the bottom of the
frame;
wherein:
the spaced-apart drawn portions are formed solely by
drawing only predetermined portions of the piece of
material upwardly at the locations corresponding to
the locations of the openings 1n the cover without
having to cut or otherwise remove material from the
frame; and/or
the top surface of the frame includes surface portions
that extend as one continuous piece along each of the
sidewalls around an entire perimeter lip of the frame;
and/or
the spaced-apart drawn portions are formed simultane-
ously 1n a single drawing process; and/or
the spaced-apart drawn portions include a top surface
that 1s coincident, aligned, and/or co-planar with the
top surface of the frame or that does not extend
above the top surface of the frame such that the one
or more drawn latching features do not increase an
overall height of the frame; and/or
the lower edge portions of the sidewalls are spaced
apart by the openings along the sidewalls and pro-
vide areas for soldering the frame to a printed circuit
board, the open shape of each of the openings along
the sidewalls defined between a corresponding adja-
cent pair of the lower edge portions such that the
open shape includes a closed end defined by the
corresponding one of the spaced-apart drawn por-
tions and an open end along the bottom of the frame,
and the spaced-apart drawn portions are spaced apart
from and not aligned with or over the lower edge
portions of the frame, whereby the cover 1s attach-
able to the frame 1n areas without solder.
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